pores to remove any solids and elemental analysis was carried out on the remaining aqueous media. After the analysis, Q e , the amount of metal removed per gram of composite (mg/g), was calculated using the following equation:
where, C o is the initial concentration, C e is the end concentration, V is the volume of the simulated contaminated water, and m is the mass of the composite Rate of Removal Experiment. Various vials containing 20 mL of 1 ppm millipore water solutions of Hg 2+ or Pb 2+ were treated with ~20 mg of Fe-BTC or Fe-BTC/PDA. At each time point, the samples were filtered using a 25 mm hydrophilic PTFE membrane syringe filter with 0.22 μm pores to remove any solids for elemental analysis of the aqueous media. After analysis, the percent removal was calculated using the following equation:
Regeneration. Regeneration of the materials was investigated using reagents such as EDTA (ethylenediaminetetraacetic acid) for the desorption of Pb 2+ and ascorbic acid for the reduction of the quinones to the catechols in polydopamine in the case of Hg 2+ . For this experiment, 0.500 g of Fe-BTC/PDA-19 was added to 1000 ppm 1 liter aqueous solutions of Pb 2+ and Hg 2+ to saturated the samples. After 24 hours, the samples were filtered, dried, and weighed. The Pb 2+ and Hg 2+ concentrations in the aqueous media were analyzed and the values were used to calculate the capacity value Q e (mg/g). The samples were added to 0.001M solutions of EDTA and Ascorbic acid and allowed to shake at 200 rpms for 4 hours. The samples were filtered, washed with methanol, dried and weighed. The EDTA regeneration solution was made into a 2 % HNO 3 solution for analysis to obtain the Pb 2+ concentration to calculate the % recovery of Pb 2+ . The regenerated materials were then added to 1000 ppm solutions of Pb 2+ and Hg
2+
. This procedure was repeated 3 more times to obtain the capacity Q e (mg/g) for each of the 4 cycles.
H 1 NMR of Free Base Dopamine
Free base dopamine was dissolved in deuterated methanol and analyzed using a Bruker AVDHD 400 MHz 9.5 T NMR and a 5 mm BBFO liquid probe. After 128 scans, the proton NMR spectrum was integrated using Maestro NMR analysis software 23 .
Figure S1
| 1 H NMR spectrum of the as synthesized free base dopamine.
In-Situ FT-IR with CO
In-situ IR data was collected in transmission mode on samples mounted on a self-supported wafer using a custom-built infrared cell and a Harrick Scientific Praying Mantis on a PerkinElmer Frontier Spectrometer at -123 °C. Before measurements, the samples of Fe-BTC and Fe-BTC/PDA were activated overnight at 150 °C and 125 °C, respectively, while all under dynamic vacuum. After cooling down, the sample cell was purged with Argon for half an hour and then cooled to -123 °C. The background was collected and CO was then charged into the sample cell. The background subtracted in-situ DRIFTS spectra were collected for Fe-BTC/PDA-42, Fe-BTC/PDA-38, Fe-BTC/PDA-28, Fe-BTC/PDA-19, and Fe-BTC at -123 °C (with a CO equilibrium pressure of 125, 46, 173, 103, and 650 mbar respectively). The observed changes in intensity with increased dopamine loading imply that the metal sites are being blocked by polymer. 
Long-term stability of Fe-BTC/ PDA Stability of Fe-BTC/PDA was assessed using synchrotron powder x-ray diffraction, MALDI and ICP-OES. Samples were first soaked in water from the Rhone River with and without lead and mercury contamination (approximate concentration = 1 and 1000 ppm) for 8 weeks at room temperature. The solutions were centrifuged at 7000 rpms and the isolated solids were dried overnight under vacuum. MALDI (see Fig. S6 for methods) analysis was done on the Rhone river water and Rhone river water with Fe-BTC/PDA to see if any polymer was leaching into solution. The MALDI spectra show no evidence of PDA in Rhone River water. 
Figure S3
|
Attenuated Total Reflection Infrared Spectroscopy
ATR-IR spectra were collected using a Perkin-Elmer Frontier MIR/FIR spectrometer equipped with a Quest ATR attachment. The sample was pressed on a diamond window and the spectra were recorded between 4000 and 400 cm -1 at a resolution of 4 cm -1 . Three new peaks are observed for Fe-BTC/PDA compared to Fe-BTC. These signature stretches emerge at 1273 cm -1 , 806 cm -1 and 570 cm -1 and represent the C-O, C-N and O-H stretching modes in the polymer, respectively 
Thermogravimetric Analysis
The thermogravimetric analysis curve was obtained using a TA Q-Series TGA Q500. Samples were loaded onto a tared platinum pan. The balance flow rate was at 10 mL/min with nitrogen and the sample flow rate was at 25 mL/min with air heating at a rate of 1 °C per minute. The TGA for Fe-BTC/PDA illustrates a similar curve compared to Fe-BTC as well. The composite starts degrading at 250 °C and we observed a higher weight lost on the final transition indicating that we have added more organics to the system. 
Polymer Characterization
Matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF-MS) analysis was performed using a Bruker Microflex. 50 mg of Fe-BTC, Fe-BTC/PDA-19 and Fe-BTC/PDA-42 were soaked in 4M HCl solution (15 mL) and then 5 mL of methanol were added to the solution to dissolve the ligand. Then 1uL of the solutions were mixed with the following matrix: 1 uL of 2,5-dihydroxybenzoic acid H 2 O/Acetonitrile/Trifluoroacetic acid (49.9/50/.1), and then the solutions were dried on a sample plate. The mode was set to linear with a positive polarity. The MALDI spectra of Fe-BTC/PDA-19 and Fe-BTC/PDA-42 illustrate the presence of PDA in solution that consists of as many as 7 monomeric units. 
Scanning Electron Microscopy
Scanning Electron Microscopy (SEM) analysis was performed on a FEI Teneo at an accelerating voltage of 1.0 kV using a beam current of 13 pA. SEM images were acquired with an in-column (Trinity) detector. To minimize electron-charging effects, samples were sputter-coated with iridium (∼ 7 nm thick) in a Quorum-Q150. 
STEM-Electron-Dispersive X-ray Specytoscopy
Fe-BTC/PDA-19 was embedded in an epoxy resin and serially cut into 100 nm slices and deposited onto a TEM grid (see Methods) for elemental analysis using EDX. 
STEM-Electron Energy Loss Spectroscopy
STEM-EELS measurements were done with a beam current of ∼ 250 pA and mapping was performed using the "ultrafast" spectrum imaging mode over a region of 126 x 80 pixels and with a dwell time of 0.25 ms per pixel.
Density Functional Theory Calculations
Density functional theory (DFT) calculations were used to elucidate the interactions between Fe-BTC and polydopamine. Since the unit cell of Fe-BTC is excessively large for periodic DFT calculations, we performed the calculations on a fragmented cluster of the MOF (Fig. S10 ). The structure of PDA is still under debate [26] [27] , therefore we chose a representative set of all possible structures (monomers) of PDA to investigate the feasible binding configurations of the polymer to the MOF internal surface (Table S2 ). In principle, the confined ligand environment alongside the Fe(III) open metal site can restrict the polymer confirmation. Consequently, for each structure in the set, additional aromatic unit(s) were appended to the PDA structure to mimic the steric effects of bulky polymer inside the confined pore. The energies were calculated using a plane wave basis set and projector augmented wave (PAW) pseudopotential as implemented in the Quantum-ESPRESSO package with PBEsol exchange-correlation functional and DFT-D2 corrections [28] [29] , which have shown good accuracy for metal-organic frameworks [30] [31] [32] . The simulation box size was set to 30 Å ensuring isolated molecule simulation. In all calculations, the electronic structures were optimized using spin-polarized calculation at gamma point only and using a kinetic energy cutoff of 500eV or higher. Spin polarized calculations were performed optimizing the total magnetization of the system. The cluster of Fe-BTC and the PDA structures were optimized separately to calculate the ground state total energy of each derivative. Afterwards, each PDA structure was placed inside the simulation box together with the MOF cluster. The initial configuration illustrates that the binding site of the PDA structure is attracted to one of the open metal sites (Fig. S10) . The Fe-BTC SBU's atoms were kept fixed from the previous optimized step whilst the PDA derivative was relaxed. In all structural optimizations, the quasi-Newtonian relaxation algorithm was used to reach convergence threshold for the total forces and energies lower than 0.5 kcal mol. Å ⁄ and 0.1 kcal mol ⁄ , respectively. The binding Table S2 .
Raman and ATR-IR
ATR-IR was performed using the methods mentioned above. Raman spectroscopy was carried out using a Renishaw microscope, where the focused excitation light is collected in a back scattering configuration. The powder sample is loaded onto a translational stage of a Leica microscope equipped with a 50x objective, and the excitation is a laser diode of 633 nm at 1% power (115 W) to prevent degradation of the sample. The spectra were collected from 400 cm -1 to 900 cm -1 with a 25 second acquisition time. All experiments were conducted at room temperature and in air. Peaks associated with the polymer interacting with the Fe 3+ along the pore surface are observed in both spectroscopy experiments shown below. 
Prussian Blue Test
Colorimetric Prussian blue tests were performed on the bare framework and the composite ( 
Initial Screening for Removal of Hg, Pb, As, Cr, and Cd
Fe-BTC and Fe-BTC/PDA-19 were screened in water solutions containing the nefarious five (Hg, Pb, As, Cr, Cd). First, 1 ppm solutions were prepared for each of the metal salts. Next, ~10 mg of Fe-BTC or Fe-BTC/PDA-19 were added to 20 mL of the aforementioned solutions. The vials were placed in a Thermo Scientific MaxQ4450 Orbital Shaker for 24 hours at 200 rpms and held at a constant temperature of 28°C. The samples were filtered to remove any solid for subsequent elemental analysis of the aqueous media. Fe-BTC/PDA-19 illustrates a significance increase in capacities for all cases except hexavalent chromium and reduces the concentration of Hg 2+ and Pb 2+ to drinkable levels below the EPA limit respectively. As such, Hg 2+ and Pb 2+ were chosen for further investigation. 
Kinetic Model
Various vials containing 20 mL of 1.8 ppm millipore water solutions of Pb 2+ were treated with ~20 mg of Fe-BTC/PDA between 0 and 60 seconds. At each time point, the samples were filtered using a 25 mm hydrophilic PTFE membrane syringe filter with 0.22 μm pores to remove any solids for elemental analysis of the aqueous media. Experimental data was fitted with a pseudosecond-order kinetic model 33 shown below.
where, k 2 (g mg -1 min -1 ) is the rate constant, q t (mg/g) is the amount adsorbed at time (min) and q e (mg/g) is the amount adsorbed at equilibrium). The R 2 value of 0.99998 was obtained. The rate constant k 2 was calculated to be 216.7 g mg -1 min -1 .
Figure S14 | Adsorption kinetics of Pb 2+ between 0 and 60 seconds (left) obtained from a starting concentration of 1.8 ppm. The data was fit using a pseudo-second-order kinetic model (right).
Batch Adsorption Experiments
Fe-BTC and Fe-BTC/PDA were soaked in distilled water and Rhone River water spiked with varying concentrations of Hg 2+ and Pb 2+ (See methods for experimental details). We observe an enhancement for Fe-BTC/PDA's ability to reduce the concentration of heavy metals compared to Fe-BTC. (b)
Heavy Metal Removal Experiments with humic acid
The quality of the material was tested in the presence of a common organic interferent, humic acid. Solutions with Pb 2+ and Hg 2+ concentrations ranging from 200 to 900 ppm and approximately 100 ppm of humic acid were prepared using distilled water. About 10 mg of Fe-BTC/PDA-19 or Fe-BTC/PDA-42 were added to 20 mL of the solution and the vials were placed in a Thermo Scientific MaxQ4450 Orbital Shaker for 24 hours at 200 rpms and held at a constant temperature of 28 °C. The samples were filtered using a 25 mm hydrophilic PTFE membrane syringe filter with 0.22 μm pores to remove any solids for elemental analysis of the aqueous media. 
pH Study
The elevated capacities observed in the Rhone river compared to distilled water is likely due to elevated pH in the fresh water source. Therefore, the effect of pH on the capacities of the material was evaluated. The pH was measured using a Hanna instruments Edge Multiparamter HI2020 pH meter. Solutions with concentrations of randing from 10 to 1000 ppm Hg 2+ and Pb
2+
were prepared and the pH was adjusted using 0.02M aqueous solutions of HCl and NaOH. About 10 mg of Fe-BTC/PDA-19 were added after a desired pH was reached and the pH was remeasured. The vials were placed in a Thermo Scientific MaxQ4450 Orbital Shaker for 24 hours at 200 rpms and held at a constant temperature of 28 °C. The samples were filtered using a 25 mm hydrophilic PTFE membrane syringe filter with 0.22 μm pores to remove any solids for elemental analysis of the aqueous media. It was observed that a higher initial pH will increase the capacities for both Hg 2+ and Pb
. It should be noted that pH values below 3 lead to a decomposition of the MOF and at pH values above 8 to a precipitation of the metal salts. As such, the activity was only probed between 3 -7 for both Pb 
Recovery of Lead
Regeneration of the composite for Pb 2+ was achieved using the reagent EDTA (ethylenediaminetetraacetic acid). For this experiment, 0.500 g of Fe-BTC/PDA-19 was added to 1000 ppm 1 liter aqueous solutions of Pb 2+ to saturated the samples. After 24 hours, the samples were filtered, dried, and weighed. The Pb 2+ concentrations in the aqueous media were analyzed and the values were used to calculate the capacity value Q e (mg/g). The samples were added to 0.001 M solutions of EDTA acid and allowed to shake at 200 rpms for 4 hours. The samples were filtered, washed with methanol, dried and weighed. The EDTA regeneration solution was made into a 2 % HNO 3 solution for analysis to obtain the Pb 2+ concentration to calculate the % recovery of Pb 2+ . The regenerated materials were then added to 1000 ppm solutions of Pb 2+ + . This procedure was repeated 3 more times to obtain the Pb 2+ percent recovery for each of the 4 cycles.
Figure S19 | After each regeneration cycle >95% of Pb 2+ was recovered from the composite using EDTA.
Powder X-ray Diffraction pattern supporting the Reduction of Hg
2+ to Hg
1+
After soaking Fe-BTC/PDA in a concentrated Hg 2+ solution we performed powder x-ray diffraction on the resulting powder. We observe peaks that correlate to Hg 2 Cl 2 , which is the reduced form of HgCl 2 . We surmise that the polymer's functional groups are reducing Hg from the 2+ to 1+ oxidation state. 
X-ray Photoelectron Spectroscopy
The C1 X-ray photoelectron spectrum for Fe-BTC-/PDA-19 fit for O-C=O, C-O, C-N, CH x and C-NH 2 functional groups, which are present in MOF-Polymer composite and the O1 spectra fit for the functional groups O-C and HO-C. After soaking Fe-BTC/PDA in highly concentrated solutions of Hg 2+ and Pb
2+
, we looked to XPS to elucidate the electronic structure. We observe two signature peaks that fit the data for HgCl 2 , we also observe two signature peaks that fit the data for Pb(OAc) 2 and Pb(OH) 2. Curve fitting was performed using CasaXPS software 34 .
Figure S21 | X-ray photoelectron spectra of Fe-BTC/PDA-19 after soaking in Hg 2+ or Pb 2+ solutions. Values are specified in Table S3 .
Performance in Real World Samples
Removal rate was measured in real world samples spiked with Pb 2+ and Hg
2+
. Composites containing various amount of PDA, ranging from 19 to 42 mass %, were added to concentrated solutions of Hg 2+ (1000 ppm) to assess the effect of the polymer loading on heavy metal removal, Q e (mg/g). The mixtures were transferred to a Thermo Scientific MaxQ4450 Orbital Shaker for 24 hours at 200 rpms and held at a constant temperature of 28 °C. The samples were filtered using a 25 mm hydrophilic PTFE membrane syringe filter with 0.22 μm pores to remove any solids for elemental analysis of the aqueous media. After the analysis, Q e , the amount of metal removed per gram of composite (mg/g), was calculated using the equation above. 
Performance of Different Composites in Real World Samples
Different composites were evaluated for Pb 2+ removal from Rhone River water. 50 mg of composite was loaded into a syringe with a 25 mm hydrophilic PTFE membrane syringe filter of 0.22 μm pores. 10 mL of the of the contaminated river water was passed through and the solution was analyzed to measure the Pb 2+ concentration. 
Table S1
The dopamine equivalence and concentrations with its C H N % values from the combustion analysis. The polydopamine mass % was calculated based on the N %. 
Table S3
The binding energy values from the XPS for each functional group present within the composite.
highlighted boxes (in yellow) represent excellent performance for a specific metric.
a. x implies it was not achieved under the conditions tested. ✔ indicates this parameter was tested and shows reasonable performance.
b. N. R. implies that the parameter is not reported and could not be calculated from the presented data. c. DPA-LDH is a Ni/Cr Layered double hydroxide with diphenylamine-4-sulfonate intercalated within the layers. While the material reaches the EPA limit in DI water, it takes ~ 40 minutes to reach this. Further, selectivity tests for mixtures containing equivalent amounts of Pb 2+ Cd 2+ , Cu 2+ , and Zn 2+ , were carried out. Despite that the material adsorbs all 4 metals, it still manages to get to the EPA limit for Pb 2+ , and Cd 2+ , Further, it does not get anywhere close to reaching the EPA limit for Pb 2+ under these conditions within a 3 hour window (reaches only ~ 650 ppb). No tests were done to see how the materials perform in natural water samples with large amounts of Na + , Ca 2+ , or Mg 2+ nor is there any information pertaining to recyclability. e. Zn 3 L 3 (BPE) 1.5 is a Zn-containing MOF (where L 2-= 4,4'-azoxydibenzate and BPE = bis(4-pyridyl)ethylene). While the material has a higher capacity, it is not able to get to the EPA limit under the reported conditions listed. From 10 ppm Pb 2+ concentration reaches approximately 35 ppb in an hour, which is the equilibration time. The material equilibrium is quite slow compared to Fe-BTC/PDA, likely due to the structural transformation it undergoes. The material is not tested in real world water samples, but does show high selectivity for Pb 2+ over Na + , Ca 2+ , and Mg 2+ , having ratios up to 1:50 (10 ppm Pb : 500 ppm mixed ions). The materials stability is only tested for 300 minutes. Last, the material is cycleable but shows a drop by 10 to 15 % in cycles 3 and 4. f. MPMF is a mesoporous poly-melamine-formaldehyde polymer: Until Fe-BTC/PDA, this polymer is the fastest reported to date to the EPA limit, but it has extremely low capacities. As such, large amounts of material is required and it only operates well when the concentrations of the solutions are already well into the ppb regime, 50 to 100 ppb of Pb 2+ . g. PDM-Ms are polydopamine microspheres. It is expected that these should perform similarly to Fe-BTC/PDA, however it can be seen that the k d is much higher for our composite and this material is not shown to get below the EPA limit; however, the equilibrium time is on the order of a minute. h. Porous Indium Sulfide (68W) was generated using an In-MOF known as MIL-68 or In(BDC)OH treated with Na 2 S in water. No information is given with regard to testing the selectivity of the material in sources contaminated with other metals. It also is not reported that it reaches the EPA limit and no information is given with regard to equilibrium times. i. This polymer is a magnetic gelatin that consists of chitosan grafted PEI (polyethylene imine). The cationic polymer can only reach the EPA limit from extremely low concentrations, ~200 ppb. Further, it is regenerable in 0.1 mmol/L Acetic Acid; however, the removal efficiency drops to 89% over 5 cycles. Last, the cationic polymer adsorbs most cations and anions found in drinking water, which decrease the efficiency, particularly Ca 2+ . Last, it should be noted that the capacity is determined by fitting adsorption isotherms, actually capacities above 66 mg/g for Pb 2+ were never measured. j. PbIMS is an periodic ion imprinted silica, SBA-15. Despite that equilibrium is reached in short times, approximately 7 minutes at low concentrations, they do not show under the conditions tested that the material is capable of getting below the EPA limit. While they show the material is selective for various ions such as Na + , K + , Ca 2+ , Mg 2+ , Cu 2+ , and Cd 2+ , they also show that the material is still adsorbing a significant amount of some of these ions from solution, particularly K + . k. ED-MIL-101 is an ethylene diamine grafted to the metal sites in the MOF. It has a capacity that drops off by 50% after 4 cycles, likely indicating loss of the amines. l. MgO@Nbiochar is not shown to get below the EPA limit but removal efficiencies approach 99% in 10 minutes. a. x implies it was not achieved under the conditions tested. ✔ indicates this parameter was tested and shows reasonable performance. b. N. R. implies that the parameter is not reported and could not be calculated from the presented data. c. Porous Indium Sulfide (68W) was generated using an indium-MOF known as MIL-68 or In(BDC)OH treated with Na 2 S in water. No information is given with regard to testing the selectivity of the material in sources contaminated with other common metals. It also is not reported that it reaches the EPA limit and no information is given with regard to equilibrium times. Further, it should be noted that indium is not only toxic, but also highly expensive. d. TPB-DMTP-COF-SH is a covalent organic framework functionalized with pendant thiol groups. While the material performs well in DI water, its removal efficiency is reduced by over 20% when in the presence of common inorganics like, Ca 2+ , Na + , and Mg 2+ . It should be noted that the materials can reportedly get to the EPA limit but 20 mg of sample is placed in 1 mL of solution 10 ppm solution. This test is rather unrealistic. Comparatively, FeBTC/PDA can do the same job with significantly less sample and at least ten times faster. e. The nano selenium sponge is one of the best materials reported for Hg removal. The Hg 2+ concentration is reduced to the ppt regime in seconds. However, this is only done under pressure, and the authors do not report what is the length of time that they wait for the water to diffuse into the sponge. Further, they use 30 times more material and are unable to reach the EPA limit within a 10 minute window when just soaking the material in water, as done in our experiments. Also, the material is not reversible. While this is good for in home treatment, it can be seen as a big disadvantage for wastewater treatment. f. COF-S-SH is a covalent organic framework. While the material is shown to be selective in the presence of Mg 2+ and Ca 2+ , there is no report of Na + . Further, significant amounts of the common ions are shown to adsorb and the manuscript gives no indication of the actual concentrations to show that these materials selectively bind Hg 2+ at low concentrations while in the presence of high concentrations of these other inorganics. g. PAF-1-SH, also referred to as the mercury nanotrap, is a porous organic polymer. It can be regenerated with only about a 10% loss in removal efficiency in 3 cycles. They show that in the presence of Ca 2+ , Na + , and Mg 2 that the material maintains Hg 2+ capacity; however, they do not report on the removal rate with these other ions and they also do not test in high concentrations of the other ions. 6 (x ¼ 0.11-0.25). It should be noted that while the material works in 2 minutes, it is only tested in 67 ppb solutions. Further, 1 gram of LHMS is used per 1L of water. For Fe-BTC/PDA, half as much material is employed, and it was able to reduced 1000 ppb to drinkable conditions in less than a minute.
Table S6
BET surface areas and polymer loadings of different composites
